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Gamma-aminobutyric acid (GABA) is the major inhibitory neurotransmitter in the mammalian central nervous system which
is involved in various physiological and pathological processes. The present study demonstrates a simple high-performance thin-
layer chromatography (HPTLC) method which was developed for the estimation of GABA in rat brain tissue. The method was
validated in terms of precision, recovery, reproducibility, and variability. Instrumental precision was found to be 0.5891% CV
and reproducibility of the method was found to be 0.4141% CV. Interday and intraday precision of the method was found to be
0.9453% and 1.3236% CV, respectively. Accuracy of the method was checked by the recovery study, and the average recovery of
GABA was found to be 97.98% at 40 ng and 96.15% at 80 ng levels. The present HPTLC method for GABA estimation was found
to be simple, precise, reproducible, sensitive, and accurate. No doubt, this proposed method will be a useful tool for the estimation
of GABA in rat brain tissue.

1. Introduction

Central nervous system (CNS) operates by a fine-tuned bal-
ance between excitatory and inhibitory signalling. Gamma-
aminobutyric acid (GABA) is the major inhibitory neu-
rotransmitter and it was serendipitously discovered in
the mammalian brain in 1949 [1–3]. Dysfunction of the
GABAergic system was showed to be associated with
schizophrenia, cerebral stroke, temporal lobe epilepsy (TLE),
Parkinson’s disease (PD), Huntington’s disease (HD) and
anxiety disorders, and so forth [4–8]. GABAergic system is
also implicated in cognitive processes, such as memory for-
mation and consolidation [9, 10]. Interestingly, GABAergic
system is one of the rapidly emerging therapeutic targets
for various neurological disorders [11–13]. Understanding
the importance and role of GABA in various neurological
disorders and determination of GABA in biological samples

will be of great use to study the pathological status and also to
investigate the significance of the therapeutic interventions.

Various analytical techniques such as fluorimetry [13],
high-performance liquid chromatography (HPLC) [14], gas
chromatography (GC) [15], and capillary electrophoresis
[16] are employed to estimate GABA in biological samples.
Since most of the amino acids are aliphatic in nature, they
require derivatization in order to be detected by UV/Visible
detectors. In liquid chromatography methods like HPLC and
GC, complex procedures like precolumn derivatization with
various ion pairing reagents and electrochemical detection
are applied for the separation and quantification of GABA
[17]. Further, the experimental procedure and complexity in
the sample preparation for the above-mentioned techniques
are tedious. In view of the biological importance, there has
been a spurt of interest in the development of new analyti-
cal methods to estimate GABA in brain tissue. The present
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Figure 1: Overlay UV absorption spectra of GABA in standard and
rat brain tissue.

study demonstrates a simple, feasible, cost-effective HPTLC
method for estimation of GABA in rat brain tissue.

2. Methods

2.1. Chemicals and Materials. GABA (ultra pure) was pur-
chased from Sigma, USA. Precoated HPTLC silica plates were
obtained from Merck, Mumbai. All the chemicals and sol-
vents used were of analytical grade, procured from Qualigens
Fine Chemicals, India.

2.2. Animal Ethics Statement. The study protocol was ap-
proved by the Institutional Animal Ethics Committee (IAEC)
of Sri Ramachandra University, Chennai, India.

2.3. Animals. Male Sprague-Dawley rats, (270–330 g) ob-
tained from Central Animal Facility, Sri Ramachandra
University, Chennai, India were used for the study. Animals
were housed in individual polycarbonate cages in a well
ventilated room (air cycle: 15/min; 70 : 30) under an ambient
temperature of 23 ± 2◦C and 40%–65% relative humidity,
with artificial photoperiod 12-h light/dark cycle. Experi-
mental animals were provided with standard rodent pellet
diet (Nutrilab Rodent, Tetragon Chemie, India) and purified
water ad libitum (RIOS, USA). Animals were acclimatized for
7 days to the laboratory conditions prior to the initiation of
the study. Guide for the Care and Use of Laboratory Animals
(Institute of Laboratory Animal Resources, National
Academic Press 1996; NIH publication number #85-23,
revised 1996) was strictly followed throughout the study.

2.4. Preparation of GABA Standard Solution. 0.1 N HCl pre-
pared in 80% ethanol (mentioned hereafter as 0.1 N HCl)
was used to dissolve GABA standard. GABA stock solution
(1 mg mL−1) was prepared by dissolving 10 mg of GABA
in 10 mL of 0.1 N HCl. From stock solution, the working
standards of concentration ranging from 1 ng to 200 ng/5 μL
were prepared and final volume was made upto 10 mL with
0.1 N HCl.
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Figure 2: Peak match chromatogram of GABA standard and rat
brain tissue.

Table 1: Method validation parameters for the quantification of
GABA by HPTLC method.

Parameters Results

Instrumental precision (% CV) 0.5891

Reproducibility (% CV) 0.4141

Variability (% CV)

(i) Inter-day 0.9453

(ii) Intra-day 1.3236

Limit of detection (ng) 1

Limit of quantification (ng) 10

Specificity Precise

Linearity (correlation coefficient) 0.99940

Range (ng spot−1) 5–80

2.5. Preparation of Brain Tissue Samples. The overnight
fasted rats (n = 6) were euthanized, brains were dissected
out immediately and washed with ice cold normal saline
to remove blood/blood clots and adhering tissues, if any.
Brain regions such as cortex, striatum, and hippocampus
were dissected over an ice-cold platform using the atlas
of Paxinos and Watson [18]. Tissues were homogenized in
0.1 N HCl (for every 10 mg tissue 200 μL−1) using a manual
tissue homogenizer. The homogenates were transferred to
polypropylene tubes and centrifuged at 4500 rpm for 20 min
at room temperature. The clear supernatant was then
transferred into microcentrifuge tubes and used immediately
for spot application.

2.6. Detection Reagent Preparation (0.2% Ninhydrin Solu-
tion). 200 mg of ninhydrin was weighed and dissolved in
a small volume (∼1 mL) of acetone; to this, 1 mL of pyridine
was added, and the volume was made up to 100 mL with
acetone.

2.7. Chromatographic Conditions

(i) Stationary phase: Pre-coated HPTLC silica gel GF254

plates.
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(ii) Mobile phase: n-butanol: glacial acetic acid: water
(65 : 18 : 28 v/v/v).

(iii) Developing chamber: Twin trough glass chamber
(20× 10).

(iv) Developing mode: Ascending mode (multiple devel-
opment).

(v) Chamber saturation time: 3 h.

(vi) Instrument: HPTLC (Camag-version 1.3.4).

(vii) Applicator: Linomat V.

(viii) Scanner: Camag TLC scanner III.

(ix) Detection reagent: 0.2% w/v ninhydrin in acetone.

(x) Scanning wavelength: 486 nm.

(xi) Environment condition: Room temperature/Relative
humidity: 35%–65%.

2.8. Calibration Curve. 5 μL of GABA standard solution (1 ng
to 200 ng) was applied as band in triplicates on pre-coated
HPTLC plate. Spots were dried in hot air oven at 60–65◦C
for ∼1-2 min, and the plate was developed using n-butanol:
glacial acetic acid: water (65 : 18 : 28 v/v/v) as mobile phase.
When the elution attained the vertical tip of plate, the plate
was taken out and dried at 60–65◦C for 3-4 min in hot air
oven and subjected to second run in a similar fashion. Once
the mobile phase reached the premarked solvent front, the
plate was taken out and then dipped (∼1 sec) in detection
chamber containing 0.2% w/v ninhydrin reagent and dried
again in hot air oven at 60–65◦C for∼2–3 min. Eluted bands
were scanned at 486 nm immediately, and the peak areas were
recorded. The calibration curve was plotted using applied
concentration versus areas.

2.9. Method Validation. The present method was validated
in terms of Limit of Detection (LOD) and Limit of Quan-
tification (LOQ), precision, recovery, reproducibility, and
variability.

2.9.1. Limit of Detection (LOD) and Limit of Quantification
(LOQ). Limit of Detection (LOD) and Limit of Quantifica-
tion (LOQ) were determined from the calibration curve.

2.9.2. Precision. Instrumental precision for the present esti-
mation was determined by repeated scanning of a single spot
for seven times and the results were expressed as coefficient
of variance (% CV).

2.9.3. Recovery. Accuracy of the method was determined by
performing the recovery studies at two concentration levels.
To 50 mg of the brain tissue, 40 ng (first level) and 80 ng
(second level) of GABA were added in separate tubes and the
efficiency of the present extraction was evaluated in terms of
percentage recovery.

2.9.4. Reproducibility. Reproducibility of the present method
was validated by analyzing peak area of standard GABA

solution (80 ng; in triplicates) for five times in a freshly
prepared mobile phase. The results were expressed in % CV.

2.9.5. Variability. Variability of the present method was
determined by analyzing the stored standard GABA solution
(80 ng) on the same day (interday assay) and on different
days (intraday assay) and the results were expressed as % CV.

2.10. Statistical Analysis. Results were expressed as % coeffi-
cient of variance (CV), which was calculated using the below-
mentioned formula:

% coefficient of variance = (SD/m)× 100 (1)

m = mean value; SD = standard deviation for the mean.

3. Results and Discussion

GABAergic system plays a major role in pathophysiology
of cerebral ischemia, epilepsy, sleep, and mood disorders.
Estimation of GABA level in brain tissues will be a great
tool in neuroscience research. Accurate estimation of GABA
depends on several aspects, such as efficiency of extraction
from tissue, specificity, and sensitivity of the method. In the
present study, the estimation of GABA in the rat brain tissue
was validated in terms of precision, recovery, reproducibility,
and variability using HPTLC. Spectral overlay characteristics
(Figure 1) and peak match chromatogram (Figure 2) bear
out GABA content in tissues. Purity of GABA in the brain
tissue sample was confirmed by comparing the UV absorp-
tion spectra at the start, middle, and end position of the
bands.

Based on our earlier report [19], we fixed the mobile
phase: n-butanol: glacial acetic and water (65 : 18 : 28 v/v/v)
with dual development procedure for achieving the best
resolution of GABA (RF-0.49). GABA was visualized and
detected by derivatizing the plate in 0.2% w/v ninhydrin
after the second run. Excellent resolution and results were
obtained when the test samples were applied immediately
after preparation, saturating the developing chamber for at
least 3 h with mobile phase, and drying the TLC plates,
pre-/post-derivatization, at the recommended temperature
(60–65◦C) and time period (∼2-3 min). The relationship
between the standard concentration and peak area response
was found to be linear in the range of 5–80 ng spot−1

with a correlation coefficient of 0.99940 (Table 1). LOD
and LOQ for GABA were found to be 1 and 10 ng,
respectively (Table 1). In the present study, the use of
0.1 N HCl in 80% ethanol was found to be more efficacious
in extracting GABA from brain tissues and dissolving the
GABA standard. From the results, the average percentage
recovery of GABA was found to be 97.98% at 40 ng level and
96.15% at 80 ng level (Table 2). GABA levels measured in the
cortical, striatal, and hippocampal regions of the rat brain
are shown in Table 3. GABA content (0.5–4 μmoles g−1)
determined using the present method was found to be
consistent with earlier report (0.1–0.5 mg g−1 tissue) [20].
These data clearly shows that the present method is highly
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Figure 3: (a) HPTLC chromatogram of GABA in the different brain regions of rats—GABA standard. (b) HPTLC chromatogram of GABA
in the different brain regions of rats—Cortex region. (c) HPTLC chromatogram of GABA in the different brain regions of rats—Striatal
region. (d) HPTLC chromatogram of GABA in the different brain regions of rats—Hippocampal region.

Table 2: Recovery study of GABA by the proposed HPTLC method.

Test Amount present mg−1 tissue (ng) Amount added (ng) Amount found (ng) Recovery (%) Average recovery (%)

GABA

235.98
40

272.58 98.77
97.98

257.39 289.04 97.19

269.32
80

338.07 96.78
96.15

234.53 300.47 95.53

efficient and sensitive in the extraction and estimation of
GABA in brain tissues. Figures 3(a)–3(d) show the GABA
peaks corresponding to the standard and different brain
regions.

The advantages of the present method over existing tech-
niques for the estimation of GABA are as follows: the present
method is simple, robust, cost-effective, and less time-
consuming for large numbers of sample analysis.

4. Conclusion

The most obvious orthogonal advantages of HPTLC over
other modern analytical techniques are speed of method
development, visible chromatogram, cost factor and simul-
taneous analysis of multiple samples. The pharmacological
implication of GABA is not only purported to central
nervous system but also to the control of growth hormones.
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Table 3: GABA content found in different brain regions by the
present HPTLC method.

Brain region Content of GABA (mg g−1 wet tissue)

Cortex 0.19± 0.01

Striatum 0.42± 0.02

Hippocampus 0.28± 0.01

Values were expressed in mean ± SEM (n = 6).

Understanding the biological significance of GABA, a
HPTLC method was developed to determine its level in rat
brain tissues. To our knowledge, the present method is the
first of its kind to estimate GABA level in rat brain tissue by
HPTLC.
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